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neutrophils similar to those observed with IL-8. On the other hand, the
truncated form of PF4 (DLQ-PF4) as well as IL-8 with ELQ in place
of ELR were inactive [15].

After recognition of the importance of the N-terminus, several ana-
logues of the amino-terminally truncated IL-8 were synthesized as po-
tential IL-8 receptor antagonists. Deletions or amino-acid replacements
in the ELR region led to the envisaged goal. The most potent antago-
nists identified so far are R-IL-8 and AAR-IL-8. They inhibit IL-8
receptor binding, exocytosis (IC,, 0.3 uM], hemotaxis and the res-
piratory burst. Inhibition is restricted to responses elicited by IL-8,
GROa or NAP-2, and no effect is observed when the unrelated agonists
fMet-Leu-Phe or C5a are used as stimuli, demonstrating that they are
selective for IL-8 receptors [16].

Since neutrophils always express high numbers of both IL-8
receptors, it was interesting to explore the function of the single spe-
cies. IL-8R1 and IL-8R2 were, therefore, expressed separately in Jurkat
cells. Challenge with IL-8 or GROa showed that both receptors func-
tion independently and mediate the same pattern of responses to dif-
ferent CXC chemokines [17].
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Introduction

In order to fulfill its role in host defence against invading microorgan-
isms, the human neutrophil is equipped with a battery of proteases and
bactericidal substances and has the ability to assemble an electron trans-
port chain (the NADPH oxidase) capable of generating huge amounts
of reactive oxygen species, all contributing to the bactericidal and tis-
sue destructive armory of this cell. As a mobile phagocyte, the neutrophil
must circulate throughout the entire vascular bed without compromis-
ing the integrity of the microcirculation, yet, at sites of incipient in-
flammation, the cell must be able to adhere rapidly to endothelium,
diapedese and migrate into tissues to phagocytose and kill offending

microorganisms. Thus, the neutrophil must be able to adjust rapidly to
changes in its surroundings in order to meet the requirements neces-
sary for optimal function in the inflammatory reaction.

The neutrophil is equipped with a plethora of discrete granule sub-
sets and vesicles each with their characteristic protein profile (Table
1). The strictly hierarchic mobilization of these [1,2], offers a struc-
tural basis for orchestrating the step-wise metamorphosis of the
neutrophil from a stage of circulating quiescence to a stage of maxi-
mal metabolic and destructive activity, characteristic of neutrophils in
the inflammatory focus.



Secretory vesicles
Secretory vesicles have only recently been described [3,4]. These are
small vesicles scattered throughout the cytoplasm that are formed dur-
ing late stages of neutrophil development in the bone marrow [5]. Se-
cretory vesicles are endocytic in origin and contain plasma proteins
that are exocytosed when the membrane of secretory vesicles fuses
with the plasma membrane [6]. Despite their endocytic origin, the mo-
bilization of secretory vesicles, like that of granules, is controlled.
Secretory vesicles are uniquely sensitive to mobilization and are
efficiently mobilized by stimulation of neutrophils with a host of in-
flammatory mediators that barely mobilize granules [1,7]. These in-
clude nanomolar concentrations of fMLP, LTB,, PAF, TNF, IL-8
andGM-CSF [7]. The application of high voltage free flow
electrophoresis for separation of secretory vesicles and plasma mem-
branes [8] has permitted further characterization of secretory vesicles
[9-11] beyond the original description as a readily mobilizable reser-
voir of alkaline phosphatase [9]. Secretory vesicles are the main reser-
voir of CR1 (CD35) [12], Fcy-RIII (CD16) [13], and most likely also

Table 1. Content of human neutrophil granules and secretory vesicles
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of neutral endopeptidase CD10[14], and Decay Accelerating Factor
(DAP)[15]. In addition, secretory vesicles have certain membrane pro-
teins in common with the peroxidase-negative subset of neutrophil
granules. These include the receptor for formylated chemotactic
peptides [16], urokinase type plasminogen activator [16], Mac-1
(CD11b/CD18) [19] and cytochrome b,,, [17] (Table 1). The sig-
nificance of secretory vesicles is thus attributed to their function as a
readily mobilizable reservoir of functional proteins that can be incor-
porated into the plasma membrane without the concomitant liberation
of potential hazardous granule content.

The initial contact of neutrophils with endothelium is mediated
through L-selectin [18,19] and PSGL-1[20], glycoproteins located on
the tips of microvilli [7] capable of binding to sialyl Lewis(x)-contain-
ing structures including P-selectin on activated endothelium. Signals
generated through L-selectin [17] and probably also exposure to in-
flammatory mediators presented by the endothelium [22] result in mo-
bilization of secretory vesicles, thus changing the neutrophil from a
rolling, L-selectin presenting cell, to a Mac-1 presenting cell, capable

Azurophil Specific Gelatinase Secretory
granules granules granules vesicles
Membrane: Membrane: Membrane: Membrane:
CD63 CD1S5 antigens, Cytochrome b, Alkaline phosphatase,
CD68 CD66, Diacylglycerol- CR1 (CD35),

CD67, deacylating enzyme, Cytochrome b,,,
Matrix: Cytochrome-b,,, FMLP-R, FMLP-R,

FMLP-R, Mac-1 (CD11b/CD18), Mac-1 (CD11b/CD18),
Acid B-glycerophosphatase, Fibronectin-R, Uroplasminogen activator-R,
Acid mucopolysaccharide, G-protein -subunit, Matrix: CD10, CD13, CD45*
o, -antitrypsin, Laminin-R, FcyRIII (CD16),
o-mannosidase, Mac-1 (CD11b/CD18), Acetyltransferase, Clq-receptor,
Azurocidin/CAP37/ NB 1 antigen, B,-microglobulin, DAF*
Heparin binding protein, 19 kD-protein, Gelatinase,
Bactericidal permeability 155 kD-protein, Lysozyme Matrix:
Increasing protein, Rapl, Rap2
B-glycerophos-phatase, Thrombospondin-R, Plasma proteins (incl. tetranectin)
B-glucuronidase, TNF-Receptor,
Cathepsins, Vitronectin-R
Defensins,
Elastase, Matrix:
Lysozyme,
Myeloperoxidase, B,-microglobulin,
N-Acetyl-B-glucosaminidase, Collagenase,
Proteinase-3, Gelatinase,
Sialidase Histaminase,

Heparanase,

Lactoferrin,

Lysozyme,

NGAL,

Plasminogen activator,

Sialidase,

Vit. B,,-binding protein

* Means that this localization is probably based on kinetics of upregulation in response to stimulation with inflammatory mediators, but has not

yet been demonstrated by subcellular localization or immunocytochemistry. References to this table are given in [29].
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of firm adhesion to ICAM-1 present on endothelium. Secretory vesi-
cles are therefore most likely of primary importance in determining
the interaction of circulating neutrophils with endothelium. In accord-
ance, secretory vesicles are totally mobilized in cells that have
diapedesed into a skin window chamber{12].

Granules

It has long been known that neutrophils contain two main types of
granules, the peroxidase-positive granules also known as azurophil
granules or primary granules, and the peroxidase-negative granules,
previously also called specific granules[23].

Subcellular fractionation experiments in combination with double-
labelling immunoelectron microscopy have shown that peroxidase-
negative granules exist as a heterogenous continuum from granules
high in lactoferrin but devoid of gelatinase through granules contain-
ing both gelatinase and lactoferrin to granules low in lactoferrin and
high in gelatinase [24]. These latter granules are referred to as gelatinase
granules [25], whereas granules that contain lactoferrin are referred to
as specific granules, whether or not these are lactoferrin-only granules
or double-labelled granules, positive for both lactoferrin and gelatinase.
This heterogeneity, which most likely is a result of controlled timing
of biosynthesis of granule proteins [26], is not only structural but also
functional, since gelatinase granules are always mobilized more ex-
tensively than double-labelled granules which again are mobilized more
readily than lactoferrin-only granules [1,2]. Stimulation of neutrophils
in suspension with nanomolar concentrations of fMLP may mobilize
as much as 25% of total cell gelatinase but only 2-5% of the total
amount of lactoferrin [2,27].

In contrast to the heterogeneity in size and matrix content of these
granule subsets, their membrane seems to be quite similar, sharing
Mac-1, cytochrome b, fMLP receptors, and receptors for urokinase
type plasminogen activator [16,25]. Thus, this structural and functional
heterogeneity seems to be more relevant in terms of differential re-
lease of matrix proteins rather than upregulation of membrane pro-
teins. The preferential mobilization of gelatinase granules may be of
primary importance during diapedesis of neutrophils since type IV
collagen, a preferred substrate for gelatinase [28], is the main collagen
constituent of basement membranes. Collagenase which degrades the
interstitial type I-III collagens is located in specific granules that are
mobilized after gelatinase granules.

Arriving at sites of inflammation, as observed in a skin window
chamber [12], neutrophils have exocytosed 38% of their gelatinase
and 21% of their lactoferrin, and only 7% of their myeloperoxidase, a
constituent of peroxidase positive granules. Thus, when the neutrophil
arrives to meet bacteria, their receptors for phagocytosis and NADPH
oxidase components are presented at their surface, but most of the
azurophil granules which contain bactericidal and proteolytic enzymes
are still retained, ready for fusion with the phagocytic vacuole during
ingestion of the microorganisms.

Epilogue

The existence of distinct and differentially mobilized intracellular gran-
ules and vesicles endows the neutrophil with the ability to time and
optimize its activities according to the requirements that are imposed
on it during its journey from the blood stream to the inflammatory
focus. The intracellular signal-transduction pathways that control the
differential exocytosis of the human neutrophil granules and secretory
vesicles are largely unknown. It is known that the differential exocytosis
of secretory vesicles and granules is reflected in the levels of

intracellular Ca?* that are needed to elicit exocytosis of each of the
subpopulations of mobilizable organelles [1], but the sensors that Ca?*
must operate on, directly or indirectly to result in differential exocytosis,
remain to be identified.
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Introduction

It is now clear that CD4+ helper T cells (Th) include at least two dif-
ferent subsets called Th1 and Th2. These subsets have been character-
ized in mice [1], rats [2] and humans [3]. They have different func-
tions and produce a different pattern of cytokines. Their role in vari-
ous experimental autoimmune diseases is now well established, and
increasing evidence highlight their importance in human autoimmune
diseases too. However it is important to underline first that this di-
chotomy between Thl and Th2 cells has been described in polarized
situations and, second, that different types of regulation by T cells
have been described.

The Thl Th2 dichotomy

When a CD4+ T cell is appropriately stimulated, it will differentiate
into either Thl or Th2 type. Several factors are important in driving
this response. The kind of antigen-presenting cell (APC) seems im-
portant, with macrophages and dendritic cells favouring aTh1 response
and B cells a Th2 one. The strength of the interaction between the TCR
and peptide is also important. A strong interaction will induce the de-
velopment of Thl cells and a weak interaction that of Th2 cells. The
cytokines that are present in the environment of the CD4+ T cell at the
time it encounters the peptide are also crucial. IL-12, produced by
activated macrophages, and IFNY, produced by natural killer cells un-
der the influence of IL-12 and TNFa, will drive the differentiation
towards the Th1 pathway provided that IL-4 is absent [4]. By contrast
IL-4 is the cytokine that plays a key role in the differentiation of the
precursor CD4+ T cell towards a Th2 phenotype [S]. The cells that
produce IL-4 at this stage arepoorly characterized — they could be
mast cells and a subpopulation of T cells. It is important to stress that
the crucial cytokines are produced by cells involved in natural immu-
nity, before the induction of the antigen-specific immune response.

Th1 and Th2 clones have been obtained in mice and humans. These
T cell subsets produce different cytokines [6]. Th1 cells produce mainly
IL-2 and IFN-y while Th2 cells produce IL-4, 5, 6, 10 and 13. Thl
cells provide help to CD8+ T cells in the form of IL-2 which is the
growth factor for both CD4+ and CD8+ T cells. Thl cells also col-
laborate with macrophages since, through the IFNg they produce, they
are able to increase their bactericidal properties. Finally Th1 cells help
B cells to produce immunoglobulins such as IgG2a in mice, an
immunoglobulin which is responsible for antibody-dependent-cell
cytotoxicity. Th1 cells are therefore mainly involved in cell-mediated
immunity. By contrast, Th2 cells help B cells to produce IgM, IgGl1,
IgA and mainly IgE which is a strictly Th2-dependent isotype.
Interleukin-5 is responsible for attraction and activation of eosinophils.
Th2 cells are therefore implied in humoral immunity [6]. These T cell
subsets have a regulatory role, with IFNY produced by Th1 cells down-
modulating Th2 cells, and IL-10 produced by Th2 cells inhibiting Th1
cells [6].

It appears however that the situation is more complex for several
reasons. i) There are CD4+ T cells, now called ThO cells which pro-
duce both IL-4 and IFNY; ThO cells may represent either an autono-
mous or a transitory cell type [7]. ii) Several Thl and Th2 cytokines,
as defined above, are produced by cells other than T cells and, in addi-
tion, IL-10 that was initially considered as a Th2 cytokine may also be
produced, at least in humans, by Th1 cells [8)]. iii) The dichotomy
described for CD4+ T cells also exists for CD8+ T cells, with the clas-
sical cytotoxic CD8+ T cells producing IFNYy and other non-cytotoxic
CD8+ T cells producing IL-4 [9]. iiii) Finally there are CD4+ and
CD8+ T cells that have a profound regulatory influence due to the
TGFP they produce in addition to other cytokines. It is interesting to
note that these T cells are induced, for example, following mucosal
immunization [10].



